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ABSTRACT 

A prosthesis is a device which is fitted to an 
amputee to replace the missing limb. A myoelectric control 
system is a man -machine system that utilizes command infor- 
mation encoded in the skeletal muscle. Various kinds of 
prosthetic devices are available designed to suit the needr 
of an amputee. In this project ’Prothesis using myohlcctric ; 
control’, an attempt has been made to design a myoelectric 
control system and to fabricate a particular prosthetic 
device, namely, an externally powered myoelectri c hand for a 
below elbow amputee. The device designed is meant to enable 
an amputee to flex or extend the artificial fingers provided. 

A general study of biochemistry and the nature of the > 
myoelectric signals has been made. The design of the 
electrode to acquire the signals has been made on the basis ; 
of the detailed study of the signal characteristics. 
Electrodes with built-in difference amplifiers have been 
fabricated to acquire the extensor and the flexor signals, | 
rejecting the common mode noise. A processor unit consisting 
of notch filters to reject line frequency pick-up, bandpass , 
filters to reject unwanted frequencies and amplifiers to 
amplify * the signals to the desired amplitudes , has been design? 
and fabricated. The processed signals are rectified, average? 
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and compared with certain preset threshold levels in the 
comparator section and the output of the comparator is given 
to the driver which excites the D.C. permanent magnet motor 
according to the command information. 

In the comparator unit, an anticoincidence logic has 
"been employed such that the output heeps the actuator idle if 
both the input d-c signals viz. flexor and extensor are either 
above the upper threshold or below the lower threshold. The 
actuator is made to flex if the d-c flexor signal is above the 
upper threshold and d-c extensor signal is below the lower 
threshold. The actuator extends the fingers If the d-c extensor 
signal is above the upper threshold and d-c flexor signal Is 
below the lower threshold. To render the system immune to 
noise and jitter, comparators are designed to exhibit 
hysteresis. 

A demonstration model of the actuator has been fabri- 
cated which converts the output of the motor into the movements 
of the artificial fingers, laboratory testing of this device 
has been carried out and the feasibility of the scheme has 
been established', though, for practical application, the 
system has to be miniaturized. 



CHAPTER 1 


INTRODUCTION 


Research and development into electrically operated 
limb prostheses for amputees, has progressed to such an 
extent that powered 'prosthetic' devices are now available 
for use on an experimental basis. The need for the deve- 
lopment of such devices was motivated by the desire for an 
amputee to look normal and to function normally*. 

A prostheses* is the addition of a device added to 
the human body to replace the missing limb. The human being 
and the prosthetic device, then, constitute a man-machine 
system. When the device uses external power and the system 
is operated by means of feedback control, it comprises a 
cybernetic system. Such a system is indicated in Figure 1.1. 

2 

A myoelectric control system (MEC system) is a 
man-machine system that utilizes command information encoded-' 
in the electric potential that accompanies contraction of 
the skeletal muscle. The essential elements of an MEG 
system are shown in Figure 1.2. 

The voluntary contraction of a muscle fibre involves 
depolarization and repolarization of the cell mambranej and 
this involves ion movement. The resulting electric potentials 




^Figure 1,2: Block diagram of elementary myoelectric 
control system. 
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are called myoelectric signals . These signals range upto 
about 100 micro-volts in amplitude. 

The aim of this project was to make an attempt to 
construct a general MEC system which can be used, in 
particular, as a prosthetic device to control the movements 
of a specific artificial limb vis. the flexing and extending 
of an artificial hand. The prosthetic device was to be 
meant to enable a below-elbow amputee to function normally. 

The general approach towards designing an MEC system 
consists of development of the following stages. 

(i) Signal acquisition, 

(ii) Signal processing, 

(iii) Control system, 

(iv) Output feedback {performance feedback) • 

The essential units of an MEC system are l 

Signal source, transducers, signal processor, output 
system and feedback receptors. 

The signal source, essentially, is the myoelectric 
signal (MSS) primed by the muscle movement . The basic 
function of the signal source is to t ran slate a desire 
for action, burgeoned from the central nervous system, 
into a physi ological signal. To achieve independent 
control of actions along the various degrees of freedom, 
it is r necessary that the signal sources be independent*#'"!';' 
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Chapter 2 deals about the signal source, the characteristics 
of the myoelectric signals and some of the myoelectric 
controlled prosthetic systems developed by various research 
groups . 

The. role of a transducer is to transform the physio- 
logical energy associated with a signs,! source into a signal 
which reflects the ‘'message" contained in the signal with 
a minimum of distortion and added noise. The myoelectrode 
is the most general and accepted form of transducer used in 
an MEC system^ - . A discussion on myoelectx-odes, the material 
of the electrode and the design of the electrode is given 
in Chapter 3 • 

Signal processing is required when a signal such 
as an elect ro-myographic voltage has to be transformed to 
produce suitable input voltages for the control of the 
output system (actuators), which is analogous to the message 
contained in the original signal. The EMG signals have to 
be filtered, amplified, rectified, smoothed and stabilized 
so that this proportionality can be used. The complete 
processor unit and its design is discussed in Chapter 4. 

The output system which includes the actual 

prosthetic device attached to the human body, basically, 

is the actuator. It usually consists of a motor, gears, 

levers etc. which, translate the processed signal into the 

. ; .. ... 
desired physical mot ion# The output system is described in 


Chanter 5 
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In the last chapter, the project in sunned up 
briefly and any further work that nay be carried out in this 
field is described. 

In an MEC system, especially in a prosthetic devi ce> 
feedback constitutes an important unit. Man is endowed -with 
excellent sensory feedback to his central nervous system which 
enables him to guide all parts of his limbs. In powered 
prosthetic device, a substitute for this natural feedback 
is necessitated. Vision forms the primary mode of feedback 
relied on in almost all functioning devices. Sound is also 
frequently relied on for feed-back information. Pressure, 
slippage, position, velocity and force have been used i n 
various devices to enable automatic control of the actuator 
and ;rto get a stable action with different degrees of success* 

• * t O U SQ 

An amputee using a prosthetic device needs to be taught / 

the device. This process is called Adaptive learning. Moti- 
vation and flexibility are of great importance here. It has 
been observed that children exhibited incredible learning 
ability with devices which are only marginal in their 
funct ion'*' • 

An MEC prosthesis system enables an amputee to 
use the artificial limbs in near-normal fashion, though 
it is not an answer to all prosthetic problems. In certain 
cases, the control site might set the limit on the number 
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of independent signals that can be tapped, thus limiting 
the degrees of freedom presented by the device. In certain 
ca.se s the message contained in the signal may not permit 
smooth functioning of the device, and the actuator may 
cause backlash. Sven to this day, an MEC prosthetic device 
is not accepted with certainty. 

In this project, the gross myoelectric signals 
(described in Chapters 2 and 3) were tapped from the 
muscles of the fore-arm, filtered and processed to drive 
the actuator which performs the flexing and esct ending of 
the artificial fingers, 
basically visual. 


The performance feedback is 
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CHAPTER. 2 

MES CHARACTERISTICS AND MES SYSTEMS 

The tiny contractile fibres of a mammal! i an. skeletal 

muscle originate the force responsible for any physical 

action* These fibres are origanized in groups called 

motor units, each motor unit having a single motor neuron 

2 

to convey motor impulses from the central nervous system « 

The contraction of a muscle fibre involves- depolari- 
zation anc" repolarisation of the cell membrane, and thus 

2 

involves ion movement . The electric potentials resulting 
can be measured easily and these potentials are c ailed 
'myoelectric signals'. 

2.1 Motor Unit Action Potential 

The most convenient starting point for a mathema- 
tical description of myoelectric signals is the motor unit 

2 

action potential . Figure 2.1.1 chows a typical single 

motor unit action potential observed with an int ramuscu lar 

having a 

wire electrode using a processing system /bandwidth of 
8-1000 Hz 2 . 

To design any MEC system, one has to get well- 
acquainted with feftac signals and its characteristics. A 
collection of important extracts from the work done oy 
various search groups^ ^ is presented below. 
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In ?a MEC system, it is the gross myoelectric signa.1 
which in used. Hence, an exact description of each individual 
motor unit is not necessary. To explain the characteristics 
of gr’ose myoelectric signal, which is a. weighted sum of 
many trains of single motor unit potentials, one needs a 
model representing a single -motor unit potential, having a 
shape that is amenable to mathemat i c a.1 manipulations. A 
convenient model which forms the basic for such an analysis 
is given by the equations 

V = Et (2-a t) exp (-a t) (2.1.1) 

where' a' is a constant found to be between 0.4 and. 0,45. 

This is plotted in Figure 2.1.2 for representative values 
of the co-efficient *a' and for E = 1 unit. 

The norma.1 repetetive firing of a motor unit is not 
exactly periodic, but it can be modelled as having a rate 
that varies randomly about a mean firing rate. 

A bipolar’ electrode may be considered as two 
monopolar electrodes spaced a distance *d* along the 
direction of the muscle fibres. It has been observed that 
in a bipolar electrode, the signal at one electrode is 
identical to the signal at the other, except for a scale 
factor and a time shift of T « d/u where u is the velocity with 
which the wavefront propagates along the muscle fibres. 
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2 .2 Gross Myoelectric Signals 

Though the nature of transmission of electrical 
signa.1 is similar for both nerves and the muscles, the 
physiological organisation of muscle fibres is more 
complex. A muscle ia&y comprise many thousands of fibres. 

The fibres are organised into subgroups (motor units) of 
upto a hundred fibres. In cross-section, the fibres of any 
one motor unit are interdigit at ed with the fibres of other 
notor un it s »r v- 

With the voluntary cont r act i on of a muscle, the 
action potentials of the fibres of a particular motor unit 
are synchronous, but, the unit as a whole acts asynchro- 
nously with respect to the other motor units in the muscle. 

The duration of the unit action potential has been 
determined to be around 10 m.sec. This varies consider a.bly 
with different muscle and individuals. 

The amplitude is dependent on fibre density and. the 
number of muscle fibres of each motor unit. A pattern of 
gross myoelectric signal observed in the course of this 
project is shown in Figure 2.2.1. 

The amplitude of the signal varies noticeably 
with the type of electrode used and the distance to 
the active muscle fibres. If surface skin electrodes are 
used , the signals due to various asynchronous neighbouring 
motor units also get a,dded up. This superimposit ion of 
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s signals from different asynchronous motor units has 

cacophonic effect and makes the detailed analysis of 

, . 3 

e signal dixficult . 

The muscle temperature has been found to have a 
sgligible effect on the gross myoelectric signals and 
escle fatigue, has been found, to have no effect on the 

*> 4 

ignal amplitude at all • 

’ *3 Signal Characteristics 

la.) Bandwidth i The bandwidth of the signals is seen to 
lepend on electrode spacing. Figure 2.3.1 shows a plot 
>£ bandwidth as a function, of T where T * dj u, d being 
;he spacing between the electrodes and u , the velocity 
>£ propagation of the wavefront. 

(b) Power Spectrum ^ The power spectrum depends on the 
choice of the electrode. The activity picked up with 
the needle (int ra-muscular ) electrode contains compo- 
nent s of higher frequencies than that obtained with 
skin electrodes. This is partly duo to the change 
imposed on the motor unit action potential as it is 
transmitted through, a tissue and picked up by a large 
ei.ee t rode^ • 

The power spectrum is also dependent on the 

position of the skin electrodes, the distance between 

«*'/' 4 

the electrodes and the muscle fibres • 



POWER DENSITY 
(. A -»■ bi. W a.v y u-vVits ) 



* 

Probability density 
1*0 (arbitrary units) 



* ■ — » » r t— i i 

-300 -200 -100 01 100 200 300 Amplitude uV 


Figure 2*3.3: Measured amplitude probability 
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The power density spectrum of the bipolar signal 
is shown in Figure 2.3.2. 

ic) Amplitude probability density function s As the 
electric fields in the various motor unit s differ in 
amplitude, phase, repetetive frequency and polarity, the 
individual motor unit potentials will add randomly at 
the electrode. At higher levels of contractions more 
numbers of motor units start firing asynchronously. The 
myoelectric signals, therefore, assurae the essential 
character of noise. 

With the rise in the level of contraction, a rise 
in the potential duration and amplitude is effected. The 
amplitude probability density function of the gross myo- 
electric signal has been found to be approximately 
2 

Gaussian , as expected for the summation of randomly 
occuring events. The approximation is more accurate for 
situations in which a large number of motor units are 

2 

active. A typical amplitude probability density plot 
is shown in Figure 2.3.3* 

<d) Effect of electrodes on gross myoelectric signals 
The intracellular potentials in skeletal muscle 
fibres are of the order of 100 mV, but the extracellular 
potentials are very much smaller, and peak ampl it tides 
observed with intramuscular electrodes rarely exceed 


10 mV 
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When surface electrodes are employed, the proceeding 
comment s on the myoelectric signal apply, but, with slight 
modifications. It is unusual, but not impossible, to observe 
clear single motor unit action potentials with the surface 
electrodes. The power density spectrum of the signal observed 
with surface electrodes is shifted slightly downward in 
frequency compared with that for intramuscular electrode. 

The effect of electrode spacing is not very noticeable at 
relatively large spacings, normally, greater than 2 cms . 

One aspect of the myoelectric signal that is of 
particular interest in the design of practical control sys- 
tems, is the ava.il able dynamic range. The signal during 
maximum voluntary contraction, is typically 300 pV.r.m.s* 
xvhile a signal of about 100 jiV r.m.s. corresponds to a 
comfortable, non-fatiguing cont ract ion. A resting 
skeletal muscle is totally inactive apart from some noise, 
which has been attributed to various sources and does 

exceed the thermal noise calculated for the equivalent 

2 

source impedance . However, in most cases of clinical 
interest, myoelectric signals from nearly active mxscles, 
rather than this background noise dictate the minimum 
usable signal for control purposes. 

2 .4 Signal Processing in Prosthetic Devices 

From the details mentioned above, a powered 
prosthesis can be operated in two ways! 
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( i ) On- off or threshold control, 
and (ii) By proportional Control. 

In On-off or threshold control, the signal is 
processed so as to operate a mic ro-swit ch . The amplitude 
of the signal is sensed and when the amplitude exceeds a 
predetermined threshold level, the switch is turned on 
which in turn operates the actuator. In the off-position 
of the switch, the actuator returns to the original 
position. This has an advantage tha.t the electronic system 
is simple and cheap. The only disadvantage is that the 
function performed is predetermined and hence the amputee 
cannot modify the function according to his will. 

In the proportional control, the signal is 
amplified, rectified, filtered and integrated so as to get 
a D.C. wave proportional to the signal amplitude and this 
is used to operate the actuator. Hence, the performance 
of the actuator would be proport ional to the input signal. 
This has an ad.vant age that the performance of the axtuator 
can be easily controlled by theuser. 

The control parameters chosen for the control of 
a prosthetic device should be easy to be utilized by the 
patient* As muscle tension can be controlled vo lunt a„ri 1 y , 
it is natural to seek a parameter directly correlated to 
the developed muscle tension. The most common description 
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of a myoelectric signal, so fr.r, has been to state the 
'Integrated aoeaa value' or the 'Root mean square value' 
(r.m.c. value) of the amplitude^. The integrated me an 
value is ee,sily obtained by amplifying, rectifying and 
filtering the myoelectric signal. 

2 .5 A Review of gristing Prosthetic Devices '*' 

The Research Institute of Montreal (RIM) 

Myoelectric hand utilizes myoelectric signals from the 
extensor and flexor movements of the wrist . Stainless 
steel direct contact electrodes are usee. The signal 
obtained is amplified, rectified and filtered to produce 
a D.C. voltage proportional to EMG power, to actuate the 
electric motor. The motor driven linkage opens and closes 
the forefinger in palmar prehension, as detailed by the 
input signal. Visual feedback is relied on and the sound 
of the motor provides the auditory cue. The movements achie- 
ved are natural, requiring the amputee, merely to 'think* of 
movements in a manner similar to that which he did before 
loosing the hand. 

The Viennotone myelectric hand is the most success- 
ful commercial myoelectric hand. The principle of signal 
acquisition and processing is similar to the RIM hand. The 
additional advantage provided by this device is that the 
gear reduction system attached to the motor incorporates 
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a ‘lock 4 which, prevents torque from being transmitted 
back to the motor, permitting the device to maintain a 
prehensile force when applied. Visual and auditory feed- 
back are relied upon. 

The Otto Bock myoelectric hand manufactured in 
Germany is similax* to the Vieunatone Hand . All the functional 
units except the output unit are very similar to the Vienuna- 
tone hand. The output unit has the capability of changing 
automat i cal ly, the gear ratio when the load increases. 

Thus, the hand closes initially at a relatively high rate 
but slows down with much increased prepension force as an 
object is grasped. 

The National Institute for Aid to the Industrial ly 
Disabled (NIAIB) myoelectric hand is also similar to the 
Viennotone hand, but for the fact that the speed reduction 
is accomplished somewhat differently, using a toothed belt 
which reduces the noise level * 

The Automatic (Bel grade) Hand Prosthesis model, 
designed by Tomovic and associates, uses two signal sources 
to initiate the opening and closing of the hand. A third 
signal source is used to modulate force prehension* The 
signals are processed to actuate the motor. Mechanical 
switches are used to initiate remote control. Prehension 
is caused by tension on cables which automatically equalize 
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t c force to the fingers • When, a finger meets no resistance, 
it continues to curl up in f leici on » Pressure- sensitive 
elements relying on pressure- sensiti vs p<*tint are located at 
specific points in the fingers. On grasping an object, an 
appropriate censor ie touched and this initiates prehension 
until a, predetermined maximum prehension force is a,pplied« 

If the amputee desires greater prehension force, he may 
voluntarily override the system and increase the motor 
torque. The system acts as a rela.y feedback system when 
the release of the object is commanded, returning the 
whole mechanism to the initial position. 

A Swedish research group has been working on the 
so-called 3VH3N Group Hand. The aim is to obtain at least 
four independent control signals from combined ion of EMG 
signals picked up by ten myoelectric contact elements. 

The Warseda Hand developed in Japan, in addition to 
overall control by visual feedback, employs a pseudosensory 
pressure feedback to the patient. This is accomplished by 
means of a pressure transducer located in the thumb of the 
hand which is used to modulate a sensory signal to the 
forearm of the patient. 

Apart from these models discussed above, a number 

of other xre search groups have been working in the field 

5 

of prosthetic devices • 
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Despite the fact that some of the prosthetic devices 
mentioned above are commevi tally available, they are produced 
in limited quantities and are relatively expensive. 

Good engineering has not revolutionized prothetics, 
but has rather improved it. With the present technology, 
empha.sis on natural appearance tends to force compromise 

on funct-ica . 
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CHAPTER 3 
5IGHAL ACQUISITION 

Signal a„cqui sit ion is of supreme importance in any 

biomedical inst rument ation • The basic transducers used in 

2 6 7 

myography are bioelectrodes * * • Bioelectrodes are devices 

that transform biological and physiological phenomena into 
electrical currents, or conversely, generate such a phenomena 
from electrical currents (as in stimulation). Such devices 
make use of the fact that electrolytes in biological solutions 
and body tissue contain charged particles. The sole function 
of an electrode is to transfer charge between ionic solutions 
and metallic conductors. 

The functionof the myoelectrode is to record 
electrical events resulting from the muscle fibres. These 
electrodes are quite different from the fluid bridge 
electrodes used for impedance measurement in membranes 
or chemical solutions. In this chapter, the discussions 
are restricted, to myoelect rodes only. These electrodes 
are basically the same as used in electro-encephalography 
and electro-cardiography except that the myoelect rodes are 
smaller in size (in order to avoid interference from 
unwanted muscles.). 



22 


3.1 Charge and Charge Concentration^*^ 

To design any hioelectrode , a study of the origin 
and nature of the signals to he picked up by the corres- 
ponding electrode is essential. 


In a human body, the movement of the muscle causes 

7 

sodium or chlorine ions to move across the cell membrane . 
In the body, a majority carrier is an ion such a sodium 
or intracellular potassium. Such ions in the body 
are quite mobile; and are present in large conv-- 
concentration so that when an electric current flows, they 
are in majority and carry most of the transferred charge. 
Minority carriers are ions in a very low concentration, 
not more than 1/20 the concentration of the largest 
majority carrier. Minority ions do not normally carry 
much of the total transferred charge. 


Ions interface between metals and electrolytes 

and across membranes. They generate potentials independently 

when they are made to move. This potential is determined by 

the equilibrium between the opposing forces of diffusion 

due to existing concentration gradient, and electrostatic 

repulsion, due to the build-up of depletion layers. 

The potential developed across a membrane due to 

a particular ion through the membrane is given by the 
12 8 

Nernst equation * * and can be stated as 


E ss 


>RT C 1 f 1 
nE 1 C 2 ^ 


( 3 . 1 .1 ) 
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where 



R ■ the gas constant (8.3153C1Q ergs per mole per 
degree Kelvin) 

T * absolute temperature in degrees Kelvin 
n - the valence of the ion 
F = Faraday constant (96^500 Coulombs) 
the two concentrations of the ion 
f£= the respective activity co-efficient of the 
ions on the two sides of the membrane. 


This is based on an assumption that the solution is weak: 
so that there is enough free space between 

ions for free movement . This is true for 
human body which contains 0.9% by weight of sodium chloride 
in the normal saline . 

3 *2 Liquid Junction Potential 

When a membrane separates two different liquids, 
ep.ch of the different ions present on either side, will 
contribute its Nernct potential to develop a net potential 
difference across the membrane. One has to note that the 
mobilities of the differ-ent ions a,s they permeate through 
the membrane will, in general be different, e.g. in sodium 
Chloride solution? sodium ion has less mobility due to its 
hydration and forms sodium hydroxide while chlorine ion 
permeates much more freely. This potential ranges upfco 
5Q mV, depending upon the concentrations. 
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The junction potential also cont ributeS to the 
bioelectric potential in the skin. The epidermis of the 
skin consists of a dead corneal layer. Beneath this, lies 
the dermis which consists of cells and blood vessels. 


3 .3 Motion Artefact 

When surface electrodes are used, the relative 
motion of the skin with respect to the electrode causes 
sudden changes in potential because interfaces are being 
disturbed. Most of the voltage drop at a metal -electro- 
lyte interface occurs in the inner layers of ions* The 
voltage then drops exponentially with distance until it 
reaches zero at the outer boundary. This potential 
depends upon the fact that the ions would have redistri- 
buted themselves* 

In case of mechanical agitation of the interface, 
because of these redistributed ions, the pot enti al distribution 
assumes a different shape, leading to the large potential 
change. The large voltage change at the electrode surface 
due to a mechanical disturbance, is an electrokinet ic effect. 
The space-charge cloud gets washed away and it takes time 
for it to come back. Motion artefact can be minimized by 
mechanically stabilizing the interface area. Electrode 
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jelly is generally used to accomplish this. This jelly 

contains quartz or glass granules, which, when rubbed into 
the skin, breaks the 

^/epidermis and enables a contact between the dermis and 
2 

the electrode . The jelly also prevents movement artefact 
by acting as an adhesive agent. 

3.4 Electrode Material 

Nearly all myoelectric control systems employ surface 
electrodes. The system requirements are stability, reliability, 
low impedance electrical connection free from fluctuations of 
contact potential due to motion end small electrode area. 

The choice of electrode material is limited by the 
physical toxicity and mechanical strength. The most commonly 
used material are the noble metals, platinum, silver, gold. 

St a ini ess steel, German silver and tantalum axe also used 
sometime s . 

Platinum is generally preferred as it possesses 
good electrical conductivity, is inert to the body and if 
alloyed with a small percentage of iridium, is rendered 
strong. Platinum is corrosion-resistant. This is generally 
used as intramuscular electrode. 

Silver is a good conductor of electricity but it is 
mechanically soft and oxidizes easily, it is also quite prone 
to corrosion. Generally, silver electrodes with gold plating 
are used to overcome this drawback. 
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Surgical grade stainless steel is generally considered 
a sat i o factory electrode material and may be used either as an 
intramuscular electrode or surface electrode. It is me ch anic a~ 
Hy strong and resistant to corrosion and is non “toxic » It 
has an additional advantage of being economical relative 
tot he noble ir. et als ^ • 

When silverjls employed, the contact impedance between 
skin and electrode can be reduced further by providing an 
electrolytic ( silver chloride) interface between skin and 
the electrode. The silver chloride acts as a precipitate as 
it is sparingly soluble. It provides an environment of 
saturated silver chloride solution at the surface of the 
electrode. The silver chloride layer, thus, basically achieves 
a chemical path to communicate (int terchange charge) with the 
sodium chloride environment of the body via chloride ions 

and interchange charge with the silver electrode via silver 

. 2 
xons • 

The use of Ag-Agcl electrode requires a thorough 
cleaning of silver layer and applying a paste of silver 
chloride. This nuisance shouldered by the patient is offset 
byfe.rthe fact that one may use a lower input impedance system 
which inturn reduces the susceptibility to external electrical 
int erference • 

2 

Some research groups ha.ve been able to produce an 
intimate socket fit las to permit the use of simple stainless 
steel electrodes without excessive movement artefact. 
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3.5 Design Considerations for the Sleet rodes 

A surface electrode placed on the skin can be 

7 8 

assuir.ee! to have the equivalent circuit * shown in 
Figure 3.5.1. However , the values of the resistance and 
capacitance tend to change with humidity . Hence to buffer 
this change of impedance, and. tc cause least attenuation 
of the amplitude of the signal picked up by the electrode, 
a buffer unit has t o be included. This also improves the 
signal to noise ratio. 

However, the lead from the amplifier to the 
electrode has to be screened to avoid electrical interference 
from external source. This lead would have a finite capa- 
citance with respect to earths which would attenuate the 
signals. How, if a two-electrode system is employed to avoid 
common mode noise (which is done using a difference amplifier 
with a high CMER) , then this lead capacitance could degrade 

CMRR of the difference amplifier. To avoid this, it has 
9 

been suggested to make the entire signal acquisition unit, 
as an integral part of the electrode. Using miniature I.C. 
components, it is possible to construct amplif iers wit low 
input capacitance so as to record the EMG signals with 
least amount of attenuation and .r— distort ion . 

The signal acquisition unit is shown in Fi gire 3.5.2. 


The requirements of the amplifiers discussed above necessitates 
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G 10,000 pF 

TO ELECTRODE 

ELECTEOLTTES Low series R 100IC 
ohmic resistance 

Figure 3 ,5«1:Equivalent Circuit presented Ly the 
body to the electrode. 
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the use of high input impedance operational amplifiers (opastp) 
which require ver y low input bias currents, low input error 
current s, low drift and offset voltage and a fair ip consistent 
operation over a large temperature range of -50°C to 1Q0°C. 

MOSFET input op amp s , having high input impedance and 
a few picoamperes bias currents are ideal but they are very 
costly and are quite prone to damage and require,: careful 
handling* Another disadvantage with these Opamps is that 
the leakage currents though low at low temperature doubles 
for every 10 ®C rise in temperature. 

The *124 30 8 A* 10 t? p amps utilize xantfcfe<&~ 
bipolar input transistors and are thus capable of extremely 
high current gains. The input bias currents are of the 

order of 7 nA and input impedance, 40 M- ohm 3 , The super gain 

much. 

input transistors match ~ better than FETs and possess 
an input offset voltage of 0.5 mV {mass.). This lias a minimum 
CMKR of 96 dB, typically 100 dB. The worst case drift rate 
is 3 pVj °c. 

3 .6 Design of Signal Acquisition Unit 

The design requirement s of the Buffers demand a high 
input impedance, low output impedance negligible current to 
be drawn from the 33 js-,cdnT 0 doC.This essentially 
bootstrapped input unity gain amplifier, 
in Fi gire 3 .6 .1 * 


This is shown 
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Figure 


2 in ~ R 2 +R 3 + ( R 2 R 3 /X 1 ^ 
Xj = 1/3wG 1 
OPAI'IP : M30SA- 

3 . 6 il Buffer. 
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Figure 3.6.2; 
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Difference Amplifier. 



Figure 3.6.3: Ike circuit of_tlie 
complete signal acquition unit. 
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The capacitance Cj should be chosen large enough 
to act as a short ccircuit , at the lowest frequency of 
interest. The power spectrum of EMG signals shown in 
Figure 2.3.2 of Chapter 1 indicates that the bandwidth 
of interest lies from around 20 Hz to 2 KHz. Further 
at 50, Hz, a significant amount of interference is caused 
because of the projcimity of power lines and hence it is 
preferable to reject all the frequencies upto and including 
50 Hz. Hence 60 Hz may be considered as the lowest 
frequency of interest (giving a sufficient margin of 10 Hz 
for the drop in the frequency ^characteristics of the 
filter.) . 

The resistor Rj, is used to damp the variation in 

the source resistance R_ which can be considered to be 

7 

of the order of 100K. Assuming a tolerance of about 
20% in R s (worst case), if R^ to oflfobouc 100K with 5*/. 
tolerance on its value, is chosen, then, the effective series 
resistance R g *R^ will have around 10% fluctuation. Larger 
values of R^ will demand a much higher input impedance of 
the buffer to prevent attenuation. 

If the attenuation of the signal is to be negligible, 
then, the input impedance Z in will have to be of the order 
of 1000 M-ohm. Z in of tine buffer stage shown in Figure 
3.6.1 is given by 

z in * R 2 +R -3 + < R 2 R 3^ x 4^ 


(3 .6.1) 
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(assuming the large signal voltage gain of the Op amp to 
be very large; for LM308A, it is of the orde* of 300,000)* 
where X^ * l/jwC^« 

The limit on R 2 and is sot by the D,C. off-set 
voltage due to unequal bias currents that may be permitted* 
(If we choose to incorporate a gain of about 2,5 in the 
difference amplifier (as higher gains before filtering out 
noise would degrade signal to noise ratio.) and we decouple 
the D.C. component after the signal acquisition stage, then, 
an offset of about 5V may be permitted, as the only 
limitation is the possibility of saturating the Op amp at 
peak signal swings* 

Since the biaseurrent requirement is 10 nA (worst 

(case), 

10“ 8 3c(R2+R 3 )x2 .5 <> 5V 

Therefore, 

r 2 ♦ R 3 < 200 M-efcaa. 

R 2 and R 3 are selected to be 10 M-ohm each as that gives 
a sufficiently high Z- n * 

At a frequency of 60 Hz. (lowest frequency of 
int e re st ) , 

x ii « ^ 

. ^ m J 

Therefore 10 
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s 0 *1 uF gives ! X | 30 K-ohmvmi ch is far small 

when compared t o *2* 

This combination of R 2 , and gives a Z,.^ of the 
order of 1000 M-ohm$. 

The difference amplifier scrcircult is shownx in 
Figure 3.6.2, The output of this stage is given by 

V o * ( R 2 ) (V 2~ V 1^ /R 1 (3.6.2) 


Since, a limit of 5V on the amplified offset vo It -£~ 
age of the buffer stages has been set, steps are to be taken 
to keep the DC offset voltage due to bias current of 
difference amplifier as low as possible. A limit of 0 .IV 
may be assumed. Then, for the worst case input bias 
current of 10 nA, the resulting offset voltage at the output 
is given by (B^xlO'KlOy volts. Hence, a value of Rj equal 
to 33K is arrived at. 


The gain requirement of 2.5 yields a value of R^ 
equal to &2K. 

The.” complete signal ^-acquisition stage is shown in 
Figure 3*6.3. 

Stainless steel studs have been used as the surface 
electrode. The electrodes have been placed at a distance 
of approximately 2 cms. The entire signal acquisition unit 
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has been fabricated on a small ellipH^o-i --card and 

steel studs fixed to it . 

The assembled electrode is shown in Figure 3*6.4. The 
electrode can be strapped on to the hand using a rubber strap* 
Two such electrodes have been made; one, to acquire the 
flejcor signals and the other, to acquire the extensor 
signals • 



Pi&oRE 3*6*4 : The electrodes , 



CHAPTER 4 
SIGNAL PROCESS I M3- 
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A method to acquire the signal has been described 
in the preceding chapter. After the signal is acquired, 
it needs to he processed according to the mode (ON-OEE or 
proportional control) of operation required of the system. 

To improve the signal to noise ratio, the signal has to he 
filtered and then amplified. Before the signal is further 
processed, the mode of control has to he decided upon. 

The mode of control that has been adopted in this 
project is as follows. If the amplified signal is averaged 
after half wave rectification, a d-c -voltage proportional 
to the signal is obtained. Two d-c outputs are made 
available, one proportional to the extensor input and 
the other, proportionfllto the flexor input. If threshold 
values for these outputs are fixed such that if the 
extensor (flexor) d-c voltage exceeds a fixed threshold 
value and the flexor (®xtensor) d-c value is below another 
fixed threshold value, then, the actuator operates in order 
to extend (flex) the 'fingers*. This scheme has an advantage 
that, under no signal condition, the system is insensitive 
to noise as long as the d-c output generated by noise has 
a magnitude less* than the uppece ^ threshold h 
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further, the system is thereby made capable of clearly 
distinguishing the flexor and the extensor outputs. In 
doing this, the proportionality between the input signal 
and the output of the system is lost, but at the same time, 
reliability of the system is improved. The visual feedback 
that exists in the operation of the system ensures stabi- 
lity of the system. 

The comparator outputs are then used to excite a 
d-c permanent magnet... c motor through a driver circuit. 

4.1 Des ign Considerations for the Processing Unit 

The output signals frcci the signal acquisition 
units are generally of the order of 1 mV and varies 
with individuals, the condition of th^ nfc.s cle stump and 
the type of electrode used. The required voltage gain 
is therefore of the order of 10^, In order to prevent 
oscillations which might ensue- due to this large gain, 
the gain should be distributed over the entire unit. 

The block diagram of the processor unit is shown in 
Figure 4.1.1. 

The notch filters tuned at 50 Hz are introduced 
to filter out line frequency pickup. High-fiass and 
low-pas's filters are designed to permit only the 
frequencies of interest viz, 10 Hz to 1.5 KHz. The 
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Pre-processor unit 




Pre-processor unit 


Figure 4.1.1: Block diagram of tie processor unit 
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The half wave rectifier is provided with a gain of 25 and 
the {>«a-k defector circuit is provided with a variable gain that 
can he manually varied from 1 to about 100. The filter 
stages are also provided with appropriate gains. This gives 
us a d-c output which is proportional to the average value 
of the input signal. This d-c output is then compared with 
the threshold values set by the hysteresis comparator. The 
output of the comparator goes to the driver. The driver 
circuit excites the motor as dictated by the outputs of the 
comparators of the two channels. 

Care is taken to de-couple the d-c offset whenever 
necessary by introducing coupling capacitors indicated as 
HPJ 1 . Since low bias currents or high input impedance is 
not required of the opamps , 4 1 opa.it ps are used. 


4.2 Bes ign o f _ the __ notch filter 

The circuit diagram of the notch filter is shown 
in Figure 4.2.1(a) and its equivalent circuit is shown in 
Figure 4*2*1 (b) . The principle of operation is similar 
that of a difference amplifier. At the notch frequency 
( 50 . he in this case), the R-L-C series arm gets tuned and 
the input ap sears as common mode signal and fchus get 
attenuated. The nomadized frequency response is given 


(s 2 + D 


2 . , Yo > 


Q 


( 4 . 2 . 1 ) 
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where 

s = jf/fjj- t 

2 IT f w C ? R, Rp 
q = ( — ) 

+ R2 

and % = — paL,?; == -— 

" 2TT4c 1 C 2 r 1 R 2 

Since the tr«e frequency may vary slightly around 50 Hz, 
a low Q is desired; hut if Q is too low, frequencies in 
the vicinity of 50 Hz get attenuated. Hence a Q of 1 to 
3 is taken as a fair compromise between the two limits, 
fixing C.j and Cp as some convenient values, R^ and Rp may 
be a trim pot, with centre tap such that the product R^Rp 
tunes the filter at the desired frequency and the maximum 
resistance between the two fixed terminals decides the Q. 

It is desired to have R^ as another variable -.resistance of 
maximum resistance slightly more than the sum (r^+R 2 ) so 
as to enhance fine adjustment to match the resistance of the 
R-L-C arm at the notch frequency. 

The values arrived at, to tune the filter to 
reject 50 Hz input with a Q of about 2.0, are indicated in 
the figure. To minimize the Rshift of the notch frequency 
with temperature polycarbonate capacitors are used. The 
actual rejection achieved by this circuit to an input test 
signal of 50 Hz has been measured and found to be 35 dB. 
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£ 0 = 50 Hz 
r 1 +R 2 = 100K ^ ot ' ) 

R 5 * 18K figure 4.2.1: Notch filter. 

r r 200K(var . ) 

= 0.02 uE 
G « 0.47 rE 
Q = 2,:' 



R n - 100E 

R 2 = 1 H 

R_ = 100K 

0 

h - 10 

C = 0.47 uE 


Eigure 4.3.^ 


Non -in verting amplifier. 


■am 
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4 • 3 Resign, of. the Am plifi er Secti on and the HP f 

The circuit of the simple non-inverting amplifier 
is shown in figure 4.3.1. Before this amplifier, care has to 
he taken to avoid d-c coupling of the input to eliminate 
offsets accumulated from previous stages. Hence a large 
capacitor is provided. The combination of C and R^ then 
acts as a high-pass filter. The cut-off has to be about 
10 Hz, just enough to eliminate low frequency drift. 

Therefore, 

2TtR 5 C 

The parallel combination of and R£ should be 
equal to R^ in order to minimize the d-c offset due to 
unequal bias current, further, the gain requirement 
dictates (R-j+RgVR-j = 10 . 

The values of R-j , Rg and R^ arrived at, are shown 
in the figure . 

4 . 4 Design o f the low -Pas s Section 

A low pass filter has to be used to eliminate 
frequencies above the desired signal band viz. 1.5 KHz. 
for a second order filter, 

Ay (s ) = A Vo /((s/w Q ) 2 +-*C(s/w 0 ) + 1) (4.4.0 

for maximal lly flat frequency response, <<= t[2. 
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f Q = 1/2 RC 
Ay = 1.545 
R 1 = 332 
R 2 =■ 1 SIC 
R = 2.2K 
C = 0.01 uf 


Riga re 4.4.1: Maximally flat low -pass filter. 



t 
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Diodes Dp are 1 ow 

leakage SHI 00 diodes. 

R 1 = 33K 
R 2 = 8202 
R 3 = 33K 
R; = 1 0K 

Rp = 1 M 
R = 1 02 
C = 0.47 uR 
C* - 0.47 uE 


Rigure 4.5.1: Hie section. 
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The circuit of the low-pass section is shown in figure 4.4,1, 
The resulting expressions for A and w q are as follows: 

° < -3- A 7o' *70 " (R 1 +R 2 )/R 1 

and w q = l/RC 

for a cut-off at about 1.5 KHz, the values of R^ , R 2 , R 

and C arrived at, are shown in the figure. This section 

contributes to a gain of about 1.6. 

4.5 Desi gn of H PP and the Pe ak _ Pete c t or 0 ir cu lt 

The circuit of the HPf and the fjeak , i detebtor 

circuit is shown in figure 4.5.1. If V ^ goes positive, 

D^ is ON, D 2 is Off and the circuit behaves as an inverting 
opamp. for negative going inpu^t, D-] is ON and D 2 , Off. 

Hence the output V Q gives inverted, amplified version of 
the positive half of Vh and Vq 2 gives inverted amplified 
version of the negative half of VI. 

A gain of about 25 is desired of this section. Hence 
(R 2+ Rl )/ Ri = 25. R^ is selected so as to minimize d-c- 
off-set due to bias currents. A-c coupling is needed 
before this section to prevent amplification of offsets 
carried on from the earlier stages. The values of R 1 ,R 2 
and R^ arrived at, are shown in the figure. 



44 


A simple, low-pass R-C section is cascaded with, this 
unit to get ax ~ detector. The charging time constant 

of this is tWproduct of the forward resistance of the diode 
together with the resistance and the capacitance C. The 
discharging time constant is RgC. 

The values of Rg and C are selected suitably. A 
further gain of 1 to 100 is needed to amplify the average 
value of the signals to the required value, iilR^ * and 
R 2 ' are selected to provide this gain Rg 1 is a variable 
potentiometer mounted on the side panel to provide for 
gain according to personnal need. 

4.6 Resign of the Compar ator Unit 

The purpose of the comparator has been explained 
at the beginning of the chapter. According xto the mode of 
control decided upon earlier, the region of operation gets 
defined as shown in figure 4.6,1. Yjg and Yjp are the 

average values of the amplified extensor and flexor signals. 

■ % 

In the region A s corresponding to the relaxed condition 
of the hand, both Yj ^ and Ygg would be below Y^g. When 
the hand is flexed, Ygg would be below Y^-g and Ygp, above 
Vjftt the operation being in region B. In region 0, when 
the hand is extended, the input Ygp would be above Ygg 
and V-r-n below Y TT . In the region D, -froth the signals 

1-C lli 

Vjp and Y-j-p are above their respective upper thresholds. 




Figure 4.6.1: Actual region of operation. 





Figure 4.6.2X15): Orientation of 
regions when operating point is 
in region 3. 
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B 


figure 4.6.2(c): Orientation of 
regions when operating point is 
in region C. 
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figure 4.6.2(d): Orientation of 
regions when operating point is 
in region D. 
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This situation occurs when the hand is over strained in 
which case both the extensor and 'the flexor muscles are 
activated resulting in an ambiguity in the actuator drive. 
With these regions described, it is obvious that the 
actuator should stay idle when the operating point is in 
either of the regions A and D. In region B, the actuator 
is supposed to flex the fingers of the artificial hand, 
while in region C, it should extended them. 

The transition regions are utilized to sender the 
system insensitive to noise. The distribution of these 
transition regions to achieve noise immunity then, defines 
the effective operative region. The effective transition 
region over which the existing state of the actuator is 
maintained consists of the normal operative region along 
with the adjacent transition regions as indicated in 
figure 4.6.2. 

The scheme described above can be easily achieved 
by means of two hysteresis comparators using opamps. The 
circuit and the input output characteristic of such a 
comparator is shown in figure 4.6.3. The scheme can be 
realized using two such comparators from a consideration 
of the four regions of operation as given in Table 4.6.1. 



43 


Ta ble 4.6.1 



Region 

V 0E 

V 0f 

V 0E“ V 0f 

1 function of 
j the actuator 

(i) 

A i 

! 

V 0H 

V 0H 

0 

Idl e 

(ii) ! 

■ 

B 

V 0H 

T (ffi 

( V 0H “ Y OlP 

flex 

(iii) 

C 

V 01 

t oh 

; ^Woi ) 

Extend 

(iv) 

D 

! V 01 

t ol 

0 

Idle 


Thus , our purpose is achieved if the voltage 
V a * as use<3 - 4rive the ^.ctuator such that the 

direction of motion depends on the signal V & , If, from the 
output of the comparators, is to he obtained, a difference 
amplifier would he needed. This gives rise to problems due 
to offsets and CMKR. This can he avoided if one of the two 
signals Vj-g and V-j-p is inverted and fed to a negative voltage 
comparator, the other being fed to a positive voltage comparator 
and the comparator outputs added by a simple resistive 
summing as in figure 4.6 .4. are given by 

The thresholds for the comparators shown in 
figure 4.6.4 are given by 


V If * + y t^ and V IH = + V T^ 

for positive voltage comparator and 
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Figure 4.7.1: The driver stage. 




for the negative voltage comparator where 


R 9 R„ 

Y m - — fLX— — 

1 R-j Rg +R ^ +R2R3 


v hb?! ; = & 1 h +K ? i 3 LFIi a T 3 


V 


The values 'of R-j , Rg and R 7 , arrived at, to obtain 


Y il = 2.5V and Y m 


4.67 


TtC 


are shown in the figure. 


drive r 

The circuit of the driver stage is shown in 
figure 4.7.1. The transistors T^ and T^ ar'e matched PUP 
and RPR pair and so are the power transistors T^ and T^. 
This stage is supposed to drive the d-c permanent magnet 
motor which in turn operates the actuator. The motor 
should have a high torque (to provide a grip with enough 
firmness) . 


The Transistors T^ and T^ have a beta of 200 and 
the Transistors T^ and T^ have a minimum beta of about 
30. for an input of above 0.6V, T^ and Tg conduct and 
for an input below -0.6V, T^ and T^ conduct, for inputs 
between +0.6V and -0.6V, all the transistors remain off 
and the motor gets no input current, hence stays still. 
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The cl-c motor used has a speed of 11,000 r.p.m. and 
a current ratings of about 200 mA '.:on no load and A. about 
300 mA under full load. The values of and R^ selected 
in order to drive the transistors into saturation are 
indicated in the figure. To avoid coupling of sk-ss pikes 
(produced by the motor) with the other units, a separate 
supply of +18V and -18V lias been used. 


52245 
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CHAPTER 5 
TH E ACT UATOR 

The actuator is the terminal device of any prosthetic 
system and includes a wide variety of artificial lirnhs to 
suit the needs of the amputees. The degrees of freedom 
presented by such devices depend upon the number of 
independent signals processed by the processor unit. 

5.1 Design of t h e Actuator U nit 

In this project, the aim has been to design the 
device, to suit the needs of a below-elbow amputee. 

The . signals . of the human arm which could enable to 
flex or extend the artificial fingers of the prosthetic 
hand fitted on to the user, is used for this purpose. 

A demonstration model of the mechanical actuator 
device that was designed to serve this purpose is shown 
in Figure 5.1.1. The motor has a speed of about 11,000 r.p.m. 
and a torque of about 0.011 H.P. Obviously, the torque 
offered is quite low and the speed, too high to make the 
flexing and extending of fingers look natural. Further, 
since the feedback of the performance is basically visual, 
it is desired to have the motion somewhat slower than normal. 
Hence speed reduction, associated with an increase in torque 
has been employed. 
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FIG ■ 5 . 1.1 THE ACTUATOR 
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5 .2 O pe ra t i on o f t he A c tu a t or 

The operation of the actuator shown in the / 
figure is • ’3.S follows. By employing a gear system with 
a reduction ratio of 3, the threaded shaft is made to 
rotate at a speed one -third to ’speed of the motor. On the 
threaded shaft, a nut moves along the axis of the shaft 
depending on the direction of rotation of the shaft. This 
translatory movement of the nut is converted into angular 
movement of the artificial finger, iy a pin which moves in 
a slotted channel made on the rear extension of the artificial 
finger mounted on a pivot. The screw is •pr 2Ve :nted from, 
rotating around the axis of the shaft by providing a V-Groove 
in which it is allowed to slide along the axis of the shaft. 

During the flexing movement, the rotation of the 
threaded shaft makes the nut slide along its axis in the 
groove towards the motor end. The movement of the pin 
closes the finger. When the finger comes to the extreme 
position, it is stopped from moving by a fixed finger, 
fixed on the base plate. Tf any object is placed in between, 
the two fingers grip the object with a certain force F. 

An equilibrium is reached due to the reaction of this 
force and the force exerted by the motor in an effort to 
pull the nut. If the motor is now switched off, the grip 
is maintained by frictional forces acting on the threads 
of the nut which prevents the nut from sliding along the 
threaded shaft. 
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When the motor shaft rotatesjin the other direction, 
the nut is made to slide forward and the fingers extend. In 
the extreme extended condition, the supports of the fixed 

finger prevent further sliding of the nut. 

» 

5 . 3 Esti mation of t he To rque o f the Mo t or P.e qu ired 

The mechanism explained above is essentially that 
of a screw jack. If B is the gripping force, then, the torque 
T required of the motor is determined as follows: 

Work done by the motckr in rotating through an angle &§= F 
If p is thepitch of the screw, then, the distance moved by 
the nut for a rotation of AQ by the motor shaft is 

A X = ( A© p/R) 

where R is the reduction ratio of the gear system. 

If Ay is the distance moved by the finger for 
rotation of motor shaft, then, work done on gripped 
object = BAy. 

Row if the lever is considered lossless, 

BAy = Bj^AX Oos cx. 

where B^ is the force acting normal to the thread and &€ 
is the .angle of the helix given by 

<X ** tan*""* (p/2rrr ) 

where r is the mean radius of the shaft. 
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Therefore, 

' P lf » P(fiy)/(^i) Cce«K 

If /i is the co-efficient of friction, then, 

Loss of energy due to friction = ji 1-^ r(l/R)^$) 

Hence, by conservation of energy, we have 2 

1 

*= p a y + p Pj-j- r ^ AS 

_ ,aJ ^(Ay) r 

r = p (-— + <— — ) 

(AX$os*)R 

The demonstration model designed has R = 5, P * 0.05 cm, 
r = 0,15 on, ^X/jZsy - 1 ,/ < = 0,07 (for mild steel contacts" 
this value may "be assumed for estimation purpose), amd 
Aj/frQ “ 2.655x10“"*, If a gripping force of 2 Kg is 
required at the tips of the fingers, a crude estimate of 
the torque of the motor under quasi -static condition is 
found to be about 9,12x10“^" Kg-m. 
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CHAPTER 6 
CONCLUSI ON 

The various aspects of design have been covered in 
the pre ceeding chapters. In this chapter, we proceed to 
describe the details of fabrication of the control unit, 
directions for use and the test results. Certain modifi- 
cations that might lead to an improvement over the fabricated 
system have been suggested. 

6.1 Pabri. cate d Unit 

Two set of electrodes have been made on small 
elliptic printed cards and connected to the processor 

unit using flat flexible cables. Provision is made for 

■0 

rubber straps so as to strap the electrodes on the fore- 
arm . 

The processor unit has been housed in a small 
aluminium case, the body being earthed. This unit has beavi 
I netted on three printed cards. Card 1 consists of the 
preprocessor section of "the processing unit of the two 
channels. Card 2 consists of the Pinal processing section 
of one of the channels and the negative voltage comparator. 
Card 5 has the final processing section of the other channel 
and the positive voltage comparator. The circuit on each of 
these three cards is shown in figure 6.1.1(a) - (c). The 
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driver stage which is on card 4 is mounted on the actuator 
itself. 

The gain controls for the two channels are provided 
on the side panel. The preprocessor outputs from the two 
channels are provided on the front panel to enable observation 
of the signals on a CRO. Signals observed at this point have 
an amplitude of a few millivolts. The final comparator output 
is brought out on the front panel, and is externally connected 
to the driver stage by means of flexible wires. The system 
requires +SY power supplies, which have to be externally 
connected to the terminals provided on the front panel. 

if 1 _ ’*•' 

6.2 Directions for Us e 

Before the electrode is fitted on, care has to be 
taken to see that the skin surface is clean. Before the 
electrode is strapped on, they should be placed on the 
site and waveforms observed on the CRO in order to select 
the most appropriate site. Then, the electrodes are 
strapped on and adjusted such that the three studs make 
proper contact with the skin. Once this is dene, the potavth’o 
vwetars provided on the channels must be adjusted such that when 
voluntary contraction of muscle is carried out, the 
corresponding signals amplify to the required extent and 
provide the proper inputs to the comparator. 

I* ' 

After these adjustments', the pro cess or unit is connec- 

M 

ted to the driver stage and the driver stage is switched ON. 
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6 . 3 Jes t Results Obtained 

In the experiments carried out • on a 

normal hand, the waveforms observed at various points in 
the circuit for different stances of the hand are indicated, 
in figure 6.3.1. It was noted that the art of activating 
the desired group of muscles such that the desired function 
is performed by the actuator could be learnt with a fair 

amount of ease. . 

V v &'{' * 

The signal out tut of each electrode was of the 
order of 100 to 300 p.V M Movement artefacts- were found 
tor be the main cause of disturbance. Partial activities 
of the extensor and the flexor muscles . during rotation 
of the wrist also were found to be the cause of -- -- i mal- 
functioning. This may be eliminated by designing the 

■ ' • 4 

electrode to have the three contact studs closer such 
that the studs can be concentrated close to the required 
group of muscle fibres, thus eliminating noise pickup due 
to the activity of other muscles. 

Hands with thicker layer of fat were seen to 
produce lesser signals. This is due to the fact that the 
signals get attenuated as they pass through the layers of 
fat. 

The system was tried on various individuals and 
found to work satisfactorily. 
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with rubber gloves so as to give a natural appearance. 
She actuator system may be designed on the principle of 
'slipping clutch mechanism. 

Feedback may bo provided from the finger tips 
such that when any object has been grip cd with a pre- 
determined force, the motor is stopped. 
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